5-Fluorouracil loaded magnetic field sensitive methylcellulose and polycaprolactone gels were prepared and characterized by FTIR, XRD, TGA, SEM, and VSM. Swelling analysis supplied important information on drug diffusion properties. The release profile of gels was investigated in different buffer solutions and the highest release values were observed at pH ¼ 7.2. Release kinetic was analyzed using an empirical equation to clarify the transport properties of drug. The effects of nanoparticle concentration and applying external magnetic field were investigated on release profile. The results indicated that the drug release decreased by both, applying external magnetic field and increasing the concentration of Fe 3 O 4 nanoparticles.
Introduction
Polysaccharides are ubiquitous biopolymers built up from monosaccharide and they are a class of natural carbohydrates polymers that have been extensively used in the food and pharmaceutical industry and also for drug delivery systems. Methylcellulose (MC), a carbohydrate polymer and ether derivative of cellulose, is soluble in water. MC is broadly used as a binder or thickener in pharmaceuticals, foods, ceramics, and emulsifier in food, hair shampoos, toothpastes, liquid soaps, and cosmetic applications. MC demonstrates a specific lower critical solution temperature (LCST) phase behavior and suffers a two-stage thermo reversible gelation in aqueous solution with increasing temperature when the concentration is above a critical solution temperature value [1, 2] . Researchers worked on the effect of salts on the gelation temperature of MC [3] [4] [5] . Furthermore, some additives, such as glycolic, alcoholic, and polyester resins can cause mutation on gelation properties of MC [6, 7] .
Pure MC solution is in the form of gel at room temperature and second gelation temperature is always in the region of 50-70°C. Therefore, pure MC cannot be applied as a product for gelation in vivo at 37°C. One of the methods for modifying and improving of the physical properties is the blending method, which increases the range of application of polymeric materials. However, investigation of interactions and miscibility of the polymer mixtures is an important criterion in the preparation of different polymeric blends. There are several techniques for studying the interactions and miscibility of the polymers [8, 9] . Liang et al. used MC and alginate hydrogel blended with NaCl and have used it as carrier for site-specific protein delivery in the intestine [10] . Sodium alginate-methylcellulose microspheres have been prepared by Babu et al. [11] and they used these microspheres for the controlled release of nifedipine. Liu et al. [12] studied poly(N-isopropylacrylamide)-g-MC as a fast reversible thermosensitive copolymer. A blend of hyaluronan and MC has been synthesized for investigation the delivery of therapeutic agents in spinal cord injury [13] . Chitosan and methylcellulose blend hydrogels have commonly been used as engineering scaffolds [1] .
One of the earliest polymers synthesized in the early 1930s is polycaprolactone (PCL) [14] . Following efforts to find new synthetic polymers that were degradable by microorganisms, PCL became commercially available and recently, it has propelled into biomaterials area more rapidly [15] . PCL is a semicrystalline, aliphatic polyester with low glass transition temperature and melting point and it has good biocompatibility and degradability [16] [17] [18] [19] . PCL is not biodegradable in the body of animals and human because of the lack of suitable enzymes [20] . Furthermore, PCL can be mixed with other biodegradable polymers to provide new biodegradable blend materials with improved and better properties than those of relative components [21] . PCL can also be blended with cellulose derivatives and other polymers for manipulating the rate of drug release from the scaffold. There are some reports in blends of PCL and cellulose nitrate [22] , cellulose butyric ester [23, 24] , cellulose acetate-butyrate [16, 25] , cellulose acetate [16, 26, 27] , long-chain ester of cellulose [9] , ethylcyanoethyl cellulose [28] , methylcellulose [29] , poly(3-hydroxybutyrate) [30, 31] , and other polymers such as chitin or its derivative [32] .
5-Fluoro-1,2,3,4-tetrahydropyrimidine-2,4-dione, or 5-fluorouracil (5-FU), is used as one of the popular and effective anticancer drugs and its molecular weight is 130 g/mol. It is partially soluble in water with a maximum solubility of 1 mg/mL. 5-FU is a therapeutic agent, widely has been used to treat breast, nonmelanoma skin, colorectal, and pancreatic cancer [33, 34] . 5-FU is administered orally, topically as cream (Effudex) or intravenously (Adrucil) and its chemotherapic effect is based on inhibition of DNA synthesis and RNA functions in cancer tissue. Actually, 5-FU acts as antimetabolite in synthesis of thymidine that is essential substrate for DNA synthesis [35] .
However the conventional administration of drug display high toxicity and many side effects [36] . Site-selective drug delivery is a vehicle to overcome the side effect of drug through reduction of the drug amount in the residue of the body that can cause unwanted side effects. Controlled drug delivery exerts a desired strategy for the optimization of chemotherapy and helps drug to be more effective and safe in the body. The controlled release of 5-FU from chitosan-alginate microcapsules has been investigated [37] . 5-FU bioadhesive patches have been used for local delivery to the uterine cervix and these patches were based on ethylcellulose and polyvinylpyrrolidone [38, 39] . 5-FU loaded chitosan and Eudragit nanoparticles have been used for controlled release monitoring [40] . Chitosan and acrylamide (AAm) and/or N-hydroxymethyl acrylamide (HMA) based semiinterpenetrating network hydrogels were synthesized and potential of drug release have been studied for 5-FU release as model drug [41] . Some other reports for controlled and targeted delivery of 5-FU are performed by poly (hydroxy ethyl methacrylate-co-acrylamidoglycolic acid) based hydrogels [42] , interpolymeric chitosan hydrogels [43] , and chitosan based multilayer copolymeric system [44] .
The aim of this research was to investigate the release profile of 5-FU, as model drug, from MC-PCL magnetic field responsive gels prepared and characterized in this work. The effect of pH and external magnetic field on drug release profile was studied. The data obtained from the experiments have been fitted using an empirical equation to clarify the properties of transport of drug release through the polymeric matrices. There is no work reported on the release profile of 5-FU from MC-PCL blend and magnetic nanoparticles up to now.
Experimental

Materials
Methylcellulose (Mn ¼ 40000), polycaprolactone (Mn ¼ 80,000), Fe 3 O 4 nanoparticles (50-100 nm) and glutaraldehyde (50% aqueous solution; GA) were purchased from Sigma-Aldrich Chemical Co. 5-FU is purchased from Alfa Aesar company. Buffer solutions were prepared by using potassium hydrogen phthalate (KHC 8 H 4 O 4 ), potassium dihydrogen phosphate (KH 2 PO 4 ), hydrochloric acid (HCl), sodium bicarbonate (NaHCO 3 ), and sodium hydroxide (NaOH) [45] . All buffer chemicals were Merck (Hohenbrunn, Germany) products. Distilled water was used for the preparation of hydrogels and buffer solutions.
Preparation of MC-PCL films
To study the influence of different blend compositions on the properties of MC-PCL films, a series of MC-PCL films were prepared by adjusting the feed amounts of MC/PCL as 100/ 0, 95/5, 90/10, 85/15, 75/25, 0/100 w/w. An appropriate amount of MC solution was prepared in glacial acetic acid by stirring continuously at room temperature and proper amount of PCL related to the composition given above were added into this solution to prepare particular blend solution and the mixture was stirred at room temperature for 60 min. Then the obtained mixtures poured in Teflon Petries and were dried at room temperature and finally dried under vacuum oven until constant weight at 37°C (Figure 1a) . The average thickness of the dry films was found to be (0.111 � 0.001 mm). MC/PCL crosslinked gel films (MC-PCL-F-GA 0.5-4.0 ) were prepared using MC/PCL (95/5) sample by adding GA solution, as crosslinker, in different concentrations. The effect of the amount of the crosslinker was studied using various GA concentrations as (0.5%, 1%, 2%, 3%, and 4%). The substrate of GA in the formula of (MC-PCL-F-GA 0.5-4.0 )
shows the weight percentages of the GA in the gel films changing from 0.5 to 4.0, (Figure 1b) . The average thickness of the dry films (MC-PCL-F-GA 0.5-4.0 ) was found to be (0.116 � 0.001 mm).
For preparation of drug loaded MC/PCL gel films (MC-PCL-F-GA 2 ), 5-FU was added to the blend solution and dissolved completely with weight fraction of 0.5% of mixture solution. Then GA solution (2%) was added as crosslinker. Subsequently, the mixture was gradually poured in a Teflon Petri dish and dried at room temperature. Finally, the samples were dried under vacuum oven until constant weight at 37°C.
Preparation of crosslinked MC/PCL disks
For preparation of MC/PCL (95/5) gel discs (MC-PCL-D-GA 3-6 ), MC and PCL solutions (2%w) were first prepared in the glacial acetic acid separately. The stock solutions were prepared by mixing MC and PCL solutions with the ratio (95/5, w/w) in a beaker. GA solutions (concentration 3%, 4%, 5%, and 6%) were added to study of the influence of crosslinker concentration. The mixture was poured into a syringe and then sealed and immersed for 24 h in a water bath at 25°C (�0.01°C). At the end of the crosslinking reaction period, the syringe was cut carefully from the head side and hydrogel was removed from of syringe with assistance of plunger without destroying the hydrogel. The obtained cylindrical hydrogel was then sliced into small discs (0.8-1.0 cm in length) and were stored in distilled water for one week. The water was changed daily, in order to remove the unreacted linear polymers and GA. The hydrogel samples were dried, first in the air at room temperature and then in the vacuum oven at 37°C (Figure 1d ). The average thickness and diameter of the dry discs (MC-PCL-D-GA 3-6 ) was found to be 2.543 � 0.001 mm and 6.768 � 0.001 mm, respectively. For preparation of drug loaded MC/PCL gel discs (MC-PCL-D-GA 4 ), 5-FU was added to the blend solution and dissolved completely with weight fraction of 0.5% of mixture solution. Then GA solution with concentration of 4% was added as crosslinker. The rest of the procedure is the same as explained for preparation of the discs.
Preparation of magnetic MC-PCL films
Magnetic MC/PCL (95/5) gel films (MC-PCL-M 1-6 ) were prepared at the same conditions as mentioned for the MC/PCL (95/5) films. In this case, Fe 3 O 4 nanoparticles with various weight percentage (1%, 2%, 3%, 4%, 6%) were added to the mixing solutions of MC and PCL after stirring at room temperature for 60 min and the effect of nanoparticles altering in the films was studied. The sonication bath (Protech) was used to obtain a homogenous nanoparticle and blend solution.
For the preparation of drug loaded magnetic MC/PCL (95/5) gel films, 5-FU was added to the blend solution and dissolved completely with weight fraction of 0.5% of mixture solution. Then different compositions of Fe 3 O 4 nanoparticles (1%, 2%, 3%, 4%, 6%) were added to mixture. The sonication bath was used to obtain a homogenous mixture of the nanoparticle and blend solution. Finally, GA solution (2%) was added as crosslinker and subsequently, the mixture was gradually poured in a Teflon Petri dish and was dried at room temperature then dried under vacuum oven at 37°C until constant weight (Figure 1c ). The average thickness of the dry drug loaded magnetic films (MC-PCL-M 1-6 ) was found to be 0.128 � 0.001 mm.
Magnetic field generator
A magnetic field was generated at the center of a conductor coil where a direct electric current (DC) passed through it. The coil was made of copper tape (0.45 mm radius). A total of 400 turns of the conductor tape were wrapped in a spiral, yielding an outside diameter of 6.25 cm and center opening diameter of 5.25 cm. The coil's inductance and resistance were determined to be 4.198 X. DC current was passed through the coil by a power supply (Gw Instek GPS-3030DD). A magnetic field of 24.2 mT was measured at the coil's center at 5A using an axial probe Phywe Teslameter.
The 5A current passing through the coil's DC resistance of 4,198 Ω caused an increase in the temperature. Furthermore, much of the heat was concentrated at the coil's center, where the sample was placed, causing a warming of the samples. Double-walled reactors connected to the thermostatic bath and fan-cooling techniques were used to keep the temperature at the constant range at the center of coil. The picture of the magnetic field generator is given in Figure 2 .
Characterization of MC-PCL gels
Optical appearances of gels
The optical appearances of MC-PCL films, discs and magnetic films were recorded by a digital camera (Canon, D90), and they are given in Figure 1 . 
Film and disc thickness
The thickness of the films along with the thickness and diameter of the discs were measured using a digital micrometer with an accuracy of 0.001 mm. Thickness and diameter were measured at five different locations across the films and discs and used for calculating the average and relative standard deviation.
FTIR analysis
Both MC-PCL and magnetic MC-PCL gel films were characterized by ATR technique between 400 and 4000 cm À 1 with using Spectrum One, Perkin-Elmer (USA) FTIR equipment.
XRD analysis
XRD patterns of the investigated gel films were obtained using DMAX-2200 X-ray diffractometer (Rigaku Company, Japan) with Cu Kα tube at 40 kV and 30 mA.
TGA analysis
The gel films (10-20 mg) were subjected to thermogravimetric analysis (TGA) to determine their thermal stability and decomposition characteristics using Linseis STA PT 1750 TGA analyzer in the temperature range of 25-800°C at a heating rate of 20°C/min, with air flushed at 35-40 mL/min.
SEM and SEM-EDS analysis
Scanning electron microscopy (SEM) was used to investigate the surface morphology of the gels. The SEM images of the magnetic MC-PCL gel films were taken by FEI Quanta 450 FEG model SEM. The dry gels were coated with gold layer using sputter-coating, and their SEM and SEM-EDS pictures were taken. Element compositions (C, O, and Fe) of the samples were investigated by the energy-dispersive X-ray spectroscopy (EDS) studies [46, 47] . In the EDS spectrum, each element shows characteristic X-rays that are exhibited as peaks at specific energy levels. Furthermore, atomic resolution chemical mapping using EDS was used to depict the distribution of the elements in the matrices of samples.
VSM analysis
The Magnetic properties of samples were investigated using a computer controlled home-made vibrating sample magnetometer (VSM) at Istanbul Technical University with a sensitivity of 10 À 5 emu and magnetic field up to 8 kOe at room temperature.
Swelling measurements
The gravimetric method was used for the investigation of the effects of GA content in the samples and pH of medium on the equilibrium swelling values (ESVs) of the gel films and discs. ESVs of both gel films and disks were determined in buffer solutions with different pH values (2.1, 4.0, 7.2, 10.0) at constant ionic strength (I ¼ 0.08 M) and 37°C. The pH values of all buffer solutions were measured by a pH meter (Chebios T 620) and it was detected that there is no differences between the theoretical and experimental pH values of buffer solutions. The ionic strength of the prepared buffer solutions was kept constant at 0.08 M by the addition of NaCl [48] . A certain amount (W d ) of dry gel film or disk was immersed in buffer solution at 37°C for 24 h in order to obtain the swelling equilibrium value. At the end of the swelling period, the swollen gel film or disk pieces were taken out of the buffer solution and the excess water was removed using a piece of filter paper, and the swollen film/disc was weighed (W s ). The following equation was used to determine the ESV values of the gel films and disk by gravimetric method:
2.6.9. Drug release measurement For drug release measurements, drug loaded films and discs were suspended in glass tubs containing 20 mL of the buffer solutions and incubated at 37°C. At the appropriate time intervals the amount of 5-Fluorouracil, released from the drug loaded films to the solutions was measured by UV spectrophotometer (PG Instruments T80 model UV/VIS spectrophotometer) at 266 nm. Afterward, an equal volume of the same solution medium was added to the tubes to keep the volume constant. Two typical buffer solutions, pH ¼ 2.1(potassium chloride -HCl) and pH ¼ 7.2 (potassium dihydrogen phosphate-NaOH) were used for the controlled release studies. The ionic strength of mentioned buffer solutions was carefully adjusted to a relatively same level by adding an appropriate amount of NaCl. All the experiments were done in twice or triplicates. Data getting from the UV absorbance were then changed to the concentration values according to the calibration curve of the drug in corresponding buffer solutions. Then, the accumulative release percentage was calculated as a function of time.
The well-known Korsmeyer-Peppas equation was used to estimate the drug release kinetic mechanism of synthesized gels [49] . The classical Korsmeyer-Peppas equation is given as
The linear form of the Eq. 2 is
The plots of ln(M t /M ∞ ) versus lnt give a straight line with the slope of n. (M t /M ∞ ) is the fraction of drug released after time t relative to the amount of measured cumulative drug release at infinite time, n is diffusion exponent and shows the mode of drug transport, and k is a constant. This equation can satisfactory be used to explain the release of drug from the polymeric matrix.
The value of n < 0.5 shows Fickian diffusion from the polymer matrix with respect to gel films. Furthermore, the value of n, in the range of 0.5-1 shows non-Fickian transport and n ¼ 1 refers to Case II (relaxational) transport. Finally, and n > 1 refer to super case II transport mechanism. For cylindrical shaped matrices, 0.45 � n corresponds to a Fickian diffusion transport, 0.45 < n < 0.89 to non-Fickian transport, n ¼ 0.89 to Case II (relaxational) transport, and n > 0.89 to super case II transport. The obtained data from in vitro drug release studies were plotted as logarithmic values of the cumulative drug release versus the time of the logarithmic value as given in Eq. 3 [50, 51] .
Drug release measurement under magnetic field
The release profile of magnetic MC-PCL films was studied at magnetic field strengths of 24.2 mT at 5 A, for 300-400 min. Each experiment was done in triplicate. A ventilator was used over the copper coil and water was pumped through the double-walled container to maintain the temperature of the samples constant at 37°C. The samples were exposed to the appropriate frequency in the magnetic field by placing each sample in a 20 mL glass tubes at the center of the copper coil where is the place of the strongest magnetic field. The sample solutions were withdrawn at appropriate time intervals and the amount of released 5-FU was measured by UV spectrophotometer. The same procedure was followed for all drug release measurements.
Results and discussion
Characterization of MC-PCL gels
FTIR spectra of MC and PCL recorded by ATR technique are given in Figure 3 . In Figure 3 , the peak at 3722 cm À 1 is attributed to stretching vibrations of OÀ H (νO-H) bond. The stretching vibration band of CÀ H is shown at 2679 cm
The peak at 1744 cm À 1 is assigned to stretching vibration band of carbonyl group (νC¼O) [52, 53] . At 1476 cm À 1 the peak is related to plane bending of CÀ OH and symmetric bending of CH 3 is observed at 1333 cm À 1 . The peak at 1028 cm À 1 is contributed to CÀ O stretching from asymmetric oxygen bridge and the peak at 938 cm À 1 is related to ring stretching [52] [53] [54] . Figure 3 shows the FTIR spectrum of pure PCL. The peak at 3749 cm À 1 is assigned to stretching vibration of OÀ H bond. The peaks at 2944 and 2863 cm À 1 are attributed to asymmetric and symmetric CH 2 stretching vibration, respectively. The peak at 1731 cm À 1 is associated to carbonyl stretching vibration and at 1293 cm À 1 is related to CÀ O and CÀ C stretching in crystalline phase. The asymmetric and symmetric C-O-C stretching vibration bands are observed at 1240 cm À 1 and 1160 cm À 1 [55] [56] [57] [58] . The peak at 1160 cm À 1 is ascribed to CÀ O and CÀ C stretching in the amorphous phase [55] [56] [57] .
The FTIR spectrum of blends consists of MC-PCL recorded by ATR technique is given in Figure 3 . The stretching vibration peak of carbonyl group of MC shifted to a higher wavenumber (1723, 1727, 1731, 1732) with increase in PCL content in MC-PCL from 5% to 25%. This result indicates that the interaction between two polymers decrease the intensity of the band due to the stretching vibration frequency of the carbonyl bond and it shifts to the lower frequency. There are two possible reasons for this shift: first one is the interaction between CÀ H and O¼CÀ , and the second one is dipoledipole interactions between C¼O · · · O¼C or C¼O · · · OÀ C [59] . This result was in good agreement with the reports on the other blends as poly(vinylphenol)/PCL, PCL/chlorinated polypropylene, and poly (e-caprolactone)/long-chain ester of cellulose [9, 59, 60] . Figure 4a shows the FTIR spectrum of 5-FU, drug loaded and crosslinked MC-PCL-F-GA 2 films, and MC-PCL (95:5) films. As seen from FTIR spectrum of MC-PCL-F-GA 2 , the peak of carbonyl stretching vibration appeared at 1703 cm À 1 , which ascribed to aldehyde group of GA and indicated that the crosslinking occurred [52] . The characteristic bands at 3061, 1655, and 1242 cm À 1 in the spectra of 5-FU refer to the N-H stretching vibration, C-O stretching vibration and C-F stretching bands, respectively. There are no significant differences between the spectra of drug loaded magnetic films and unloaded blend films. However, the band at around 1244 cm À 1 in the spectrum of drug loaded magnetic films confirms the presence of the 5FU and indicates the absence of any chemical interactions between the drug and the polymer. In Figure 4b the FTIR spectrum of MC-PCL-M films is shown. As can be concluded from the figure the FTIR spectra of both films are almost the same.
The X-ray diffraction patterns of pure MC and PCL are represented in Figure 5 . It could be seen from Figure 5a that the spectra of pure MC film showed two peaks at 2q ¼ 7.9°a nd 2q ≅ 20.8°related to the semicrystalline structure of MC. The peak at 7.9°ascribed to glucose-type crystalline order in the MC. As mentioned by Rimdusit et al. [52] the peaks at 2h ¼ 9-21°indicate the intermolecular structure of the MC and some authors assumed that the 2q ¼ 8°peak represents the degree of cellulose modification [52, [61] [62] [63] . Figure 5 shows the spectra of pure PCL film. There is a sharp peak at 2h ¼ 21.9°indicating highly ordered chain folding characteristics, related to the semi crystalline structure of PCL [55, 58] . X-ray diffraction pattern of blends containing MC-PCL are given in Figure 5 . According to this figure the intensity of peak at 2q ≅ 21°increases by increasing of the amount of PCL and the blends show more crystalline structure.
The X-ray diffraction pattern of Fe 3 O 4 nanoparticles, MC-PCL-M 1 films, and MC-PCL(95:5) films were also investigated and presented in Figure 6a . The characteristic peaks for MC-PCL-M 1 films at 2h ¼ 30.2°, 35.5°, and 43.1°can be attributed to the indices (2 2 0), (3 1 1), and (4 0 0) of the Fe 3 O 4 nanoparticles, respectively [46] . The data obtained confirmed the existence of Fe 3 O 4 nanoparticles in the structure of magnetic films and showed that the crystallinity of gels increased when Fe 3 O 4 nanoparticles were added. Also, Figure 6b shows the X-ray diffraction pattern of MC-PCL blend along with MC-PCL-M.
The TGA analysis in which a sample loses mass with increasing temperature directly provided the information about the thermal stability and the degradation mechanism of materials. Figure 7 shows TGA waves of the MC/PCL blends and the weight loss due to the volatilization of the degradation products. It can be noticed that a slight weight loss (∼3 wt% to 7 wt%) of MC and blends started below 100°C which was reported that the possible causes for the initial weight loss are probably due to moisture and high water-retention capacity of MC. The major weight loss of pure MC film took place in the temperature range of 300-390°C because of the degradation of MC. All curves were almost approaching a plateau value beyond 450°C, as mainly char residue remained. The TGA curve of PCL displays one main degradation with an inflection point at around 420°C. The temperature corresponding to 5% weight loss (T 5% ) deduced from Figure 8 . T 5% of the MC-PCL blends increases as the concentration of PCL increases. MC shows lower thermal stability than PCL and the addition of PCL improves the thermal stability of blends. The temperature at the maximum rate of weight loss is called T max and determined by the derivative thermogravimetry (DTG) curve. The DTG curves for pure MC, PCL and blends are shown in Figure 8 . T max of blends is located between those of pure MC and PCL. The T max values increase by the concentration of PCL in blends as can be seen from Figure 8 . Table 1 shows the results of the analysis of superficial surface by semiquantitative SEM-EDS for the magnetic MC-PCL gels with different compositions (1%, 3% and 6%) of Fe 3 O 4 nanoparticles. As shown in Table 1 , the elemental compositions of As shown in Figure 9a the results of superficial surface EDS mapping confirm that the Fe element in MC-PCL-M 1 was homogeneously distributed on the polymeric matrix [10] . These results indicated that the Fe 3 O 4 nanoparticles were well mixed in the preparation of polymer composite structure. As shown in Figure 9a , Fe element of MC-PCL-M 3 slightly deflected from homogeneously distribution and some aggregation were appeared in the EDS mapping image. For MC-PCL 6 sample deviation from homogeneously distribution is more and the number of aggregation spot increase through the polymer composite structure. These results help to take into account that increases in the concentration of the Fe 3 O 4 nanoparticles causes deviation from the homogeneously distribution.
SEM and SEM-EDS analysis
The morphology of the MC-PCL-M hydrogels was analyzed by scanning electron microscopy. As shown in Figure 9b , there are no big differences between the SEM images of hydrogels. The morphology of the samples showed almost smooth and uniform surfaces. However, SEM image of MC-PCL-M 1 changed to dense structures in MC-PCL-M 3 and MC-PCL-M 6 related to the increase in concentration of Fe 3 O 4 nanoparticles. The bulks of Fe 3 O 4 nanoparticles were observed on the surface of MC-PCL-M 3 and MC-PCL-M 6 .
Analysis of magnetization properties
The MC-PCL-M hydrogel films displayed magnetic properties of the involved Fe 3 O 4 nanoparticles. Figure 10 shows the magnetization curves of the MC-PCL-M 1,3,6 hydrogel films measured at 300 K. The magnetization curves showed that the MC-PCL-M 1,3,6 hydrogels were superparamagnetic with no hysteresis and coercivity at room temperature. This characteristic property belongs to superparamagnetic nanoparticles that the thermal fluctuations are sufficient to prevail the anisotropic energy barrier [64, 65] .
The saturation magnetization values for MC-PCL-M 1 , MC-PCL-M 3 , and MC-PCL-M 6 were found as 1.02, 2.07, and 3.78 emu/g, respectively, clearly dependent on the values of Fe 3 O 4 nanoparticles incorporation in the hydrogel structure [64] . We can see that the saturation magnetization (Ms) of the samples increases when the concentration of magnetite increases in the polymeric matrices. This result is suggesting that magnetic intensity of the hydrogels can be easily arranged by altering the weight ratio of Fe 3 O 4 nanoparticles [66] . This feature can be very important for practical applications because the drug release properties of hydrogels may be affected by their magnetic intensity under a certain magnetic field, displaying the feasibility of controlled drug release to specific target.
Swelling properties
The ESV of synthesized gel films (MC-PCL-F-GA) and discs (MC-PCL-D-GA) in different buffer solution with pH 2.1, 4.0, 7.2, and 10.0 are shown in Figures 11 and 12 . Figure 11 shows the swelling behaviors of crosslinked films, which indicate that the films are sensitive to the amount of crosslinker and pH of medium. The increasing of the content of crosslinker up to 2% has positive effect on the swelling value. Furthermore, films showed the best swelling at pH ¼ 7.2. The swelling behavior of crosslinked discs was seen in Figure 12 . Furthermore, the discs are sensitive to pH ¼ 7.2 but they have low sensitivity to the content of crosslinker and the best ESV has been shown at 4% crosslinker content. As shown in Figures 11 and  12 , synthesized (MC-PCL) hydrogels had better ESVs in the form of discs in comparison of films. The difference in the swelling values of films and discs may relate to the preparation process and explain by the fact that discs had sufficient time to crosslinking during the preparation by 24 h incubation in the water bath. Consequently discs had better cross-linked network structure and better swelling values. In comparison to the films that started to the drying immediately after the mixing of the polymers and adding GA as crosslinking agent.
Drug release measurement
The drug release from drug loaded films was studied in two different buffer solutions of pH 2.1 and 7.2. The ionic strength of buffer solutions was adjusted at 0.08 M, by adding an appropriate amount of NaCl. The influence of pH on the drug release profile was investigated and the results were shown for the loaded films and discs in Figure 13 . The drug release from loaded films was very sensitive to the pH of the medium. The amount of drug release was higher at pH ¼ 7.2 than at pH ¼ 2.1 and it reaches up to 80% of release in 6 h. The results were consistent with the value of water swelling equilibrium value for the synthesized films. The drug release from loaded discs was sensitive to the pH and the amount of drug release was higher at pH ¼ 7.2 than pH ¼ 2.1 and it reaches up to 60% of release in 6 h. However, all drug loaded films and discs show a biphasic release mechanism at the initial hours of drug release experiment and a prolonged releases manner at continue ( Figure  13 ). The burst release of the drug is belong to reveal of the drug molecules from the surface layer of the scaffolds and progressively dissolved when they come in contact with the release medium [67] . The first phase including quick release of the drug from the polymeric matrix happened within (0-70 min) and changed to gently release after this period as the second phase (70-340 min) for discs. Furthermore, in the case of films the first phase prolonged almost up to 170 min and after this period the release profile changed to gently release as second phase (170-340 min) . Meanwhile, the films have extended surface area in comparison with gel discs, the first phase for drug release is longer than drug release for gel discs.
The Korsmeyer-Peppas model successfully was used for reproducing of the experimental data of the drug release profile in phosphate buffer solution, which gains an insight into its release kinetics. The factor n was determined and is shown in Table 2 for disc gels from the slopes of the fit curves as 0.7793, 0.7501 and R 2 ¼ 0.9889, 0.9984 for pH ¼ 2.1 and pH ¼ 7.2, respectively. Furthermore, the values of n were determined for gel films from the slopes of the fit curves as 0.6060, 0.8620 and R 2 ¼ 0.9914, 0.9969 for pH ¼ 2.1 and pH ¼ 7.2, respectively. These results confirm the non-Fickian transport of drug release and attributes to the combination of diffusion as well as swelling controlled release mechanism [68, 69] . That means the release profile was not controlled just by the swelling phenomena. Although the discs had the grater ESV values, in the case of release from the films, it seems the diffusion phenomena overcome to the swelling phenomena and the cumulative release values were greater than discs. As mentioned before, the films had extended surface area in comparison of the discs, consequently had greater diffusion and longer first phase release and finally greater percent cumulative release values during the drug release experiment.
Drug release measurement under magnetic field
As mentioned previously, it is common in the release systems that the releasing rate in the first minutes is very fast and then turns to a relative gently release. This initial burst in the release profile possibly belongs to the quick diffusion of drugs from the outer layer of the gels. Prolongation of the release time is an important factor in drug therapy because it can enhance the efficiency of the drug. Magnetic field sensitive gels are good vehicles to control of release from polymeric scaffolds and overcome the initial burst of release [70] . The effect of the external magnetic field on the drug release profile from the magnetic MC/PCL gel films (MC-PCL-M 1 ) was presented in Figure 14a . The amount of released drug decreased under external magnetic field of 24.2 mT. Furthermore, the effect of concentration of Fe 3 O 4 nanoparticles on release profile was also investigated. For this aim, five typical samples including series of magnetic gel films (MC-PCL-M 1-6 ) with different concentration of (1%, 2%, 3%, 4%, and 6%) Fe 3 O 4 nanoparticles, were chosen and the drug release profiles were measured over time as presented in Figure 14b . The amount of the drug release and the releasing rate of the five samples decreased after applying an external magnetic field (24.2 mT) with the increasing of the nanoparticle concentration. These results show the concentration of Fe 3 O 4 nanoparticles has an obvious influence on the release properties of magnetic gel films. Furthermore, as mentioned for the synthesized films, the first phase release took place within (0-170) and after this period the release profile changed to gently release as second phase.
This behavior can be explained by the presence of attractive interaction between Fe 3 O 4 nanoparticles and drug. Furthermore, the magnetic moments can be aligned together in the presence of external magnetic field and led to accumulate of Fe 3 O 4 nanoparticles and decrease in pore size of magnetic hydrogels subsequently decrease in diffusion of drug from polymeric matrix. On the other hand, the aggregation of Fe 3 O 4 nanoparticles causes the formation of magnetic sensitive walls in the structure of gel films and restricts the permeability of magnetic hydrogels (close configuration). This restriction causes to retard the drug release under magnetic field [71, 72] . This behavior is very similar to those reported in the literature [46, [73] [74] [75] . However, there are different results for some temperature sensitive polymers and increasing in drug release has been reported for these kinds of magnetic sensitive systems. This behavior may explain by oscillation of magnetic moments and producing of heat under magnetic field and subsequently enlarge the nanostructure of the polymeric matrix to make porous channels that cause increasing drug releases easily [76, 77] . As Fe 3 O 4 nanoparticles were physically dispersed throughout the polymeric matrix in hydrogels, this hydrogels act as magnetic label for the drugs and lead the drug to the targeted area of treatment under external magnetic field. This behavior allows for a tissue-specific release of drugs consequently reduces the side effects of the drugs to other areas of the body [66] .
Conclusions
MC-PCL hydrogels have been prepared and characterized by FTIR, XRD, TGA, SEM-EDS, and VSM analysis. FTIR and XRD spectra confirmed the uniform mixing of the polymers and functional groups for both of the polymers identified successfully. Additionally, FTIR spectra indicated crosslinking process between polymers. According to the TGA analysis, the addition of PCL to MC improves the thermal stability of blends. SEM-EDS analysis indicated that the MC and PCL polymers were well mixed in the preparation of hydrogels. Furthermore, Fe 3 O 4 nanoparticles were homogeneously distributed at low concentration on the polymeric matrix. The swelling studies of the MC-PCL gel films represents the positive effect of the increasing amount of the crosslinker up to 2% on the ESV at pH ¼ 7.2. Similarly, the best ESV was found at 4% of crosslinker content and pH ¼ 7.2 for discs. 5-FU, as model drug, was loaded in hydrogel films and discs and the release behavior of drug was investigated. The release profiles presented pH-dependent behavior with high releasing at pH ¼ 7.2 for both films and discs. The release profiles indicated non-Fickian type diffusion for drug release. The decreasing trend in the amount of released drug was observed for magnetic MC-PCL hydrogels under external magnetic field. Furthermore, decreasing in release was sensitive to concentration of Fe 3 O 4 nanoparticles. These behaviors allow for design of magneto sensitive and tissue-specific release of drugs that reduces side effects of the cancer drugs to other areas of the body. Although drug release studies of 5-FU with different formulation have been reported in the literature, as far as we know there haven't been any reports yet, concerning drug release investigation of 5-FU within MC-PCL hydrogels and Fe 3 O 4 nanoparticles.
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